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Fo~oin a6euevat y1e46 od ~ihou anattica e66oAt,

d couiuteA pkwgAai wa evotved at Me"i Co4'Oaion which

wa.6 apabte od atgzing the dynamia 6 od baU %oto 6uaze.

Bu ed on the JAe6uMt oj Awnning tiL. computeAi p'wgam, S&WeA

bc.came convinced that it coutd deign batl kotot duazeA 604

(*6e int atl 6mning mwition oabwing a pWdictabte awi~ng

distance wtin the "ne duZ'ied 6oA' each muntion. Adteit

timited te~t £i'.ing.6 had tended to ve~i6y the cornputeA pte-

diction6, an unaoLic.Lted ptopuza2 whas6 6ubmited to Picatinny

huenat to p.'ioidz additionol expetimentat da~ta to dWLtheA

ve.'u6y the eomputvi. p.'ogwm and to pvove~ the 6ea Lbit# o6

uaing the aim pts. bott AotoA aA a keptacemen-t 604 mo'Le comn-

pticated gerA) ti e~capement6 and uwinbding Aibt.on juzea.

Ccntzact VAAA1-73-C-0650 and dotlow-on. Con4'act VAAA21-74-

C-0481 4e&LLtted 64om this wiaotcted pAopo~at. Theae con-

t~act6 wndviA the technicol guidance o6 Picat.ZnY A.'renat

uaed 6tu.Zd Lnm.'ued batt kotoA S 9 A device6 and zub6tafl-

tiate the zuLcceA6 oj -the cornputeAi modeL~ng o6 boll %otoxL

inett. de.&iyz. The4 e contkaa46 indicated that ball. 40to4%

S S A deuvZce4 coutd be u~Aed to p~oviUde waming detayA6o z

att spi.nning piwjectez. In pcWculA, peiininoay tezt



4twuMt on 200M, 4MW and 57W/A pojeetitf'. indicated j .

iWility vi achiev~ing the deuixed awming "~tavwee ch4.,aete-

itiea joit tkue .Aowtd.

Tiz6 .i4 the finat Atepoult on a thWAd eontet, the objec~t-

ivs od which wu6 to ptwduce and teat a 4 i4Lcant quanti~ty od

baU 4ot(,,L S S A' devieeh jot uue wt~h the tm.u vetoci-ty 40MM

pttojeetU o4 a toweA aut keptaemet o& Faze PD M55.

The btt kook ia oo k ipeto6atkonamn

delay medio~warrw. It i6 etZp one oj the otde.Lt Jazing median-

14ma havig been invened 6uppohedty in the &ate nineteentft

centwzg. Thoughoat the yeou, it hau been aaed to pLovide

a.wing detayp djr, many hpinning mun.Won6 djm 20MM up to the

tA'xge~t a.' t4Le~g Ahell.. It6 pe'Ldoranlane hah6 geneuo.Uy been

dL~eoumagisg, h.iweveA, both in t.wm oj the miimum awi~ng

didonee, and the diape'ion oj aw'zming d.Ltane.. Batt k'otokt

ju~zeA Aave tuzditionaU4 akmed too cltoae to the g-n to pito-

vide do'L a .6aje 6pation diLtance and otheA6 have aAmed

at 6uch a g'Leat di~tance a4 to Znc&eA~ the incident6 oj

,iudA. AA a keutlt, the batt xoto,% ha6 geneAatty been %e-

ptaced by mnae expen-ave 'azZng inechanLirn. Puati .cattg

the ontey high votume daze which 6titt uaea the batt JLtoo

rnechanZ~m ZA the 20MM M505A3. Even in thLA apptication it
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doeA not potwvide the uiim=wt aing di~tance deAiked.

I ~ ~ ~ At A vvcLuLat yezu oj ibtkowe ej6o~t a~t thze Stieed CoJ~p-
otation, a mahmtcLmodel oj t4 batt 4ot2oJ 6uze w6 con-

AtuwedatBSteedAiach Jout e gttme waa Wbeto exp~an

how the boll Aotox wo'vke and what wa6 Ateqm~iwe to imptove

.it6 petL~Jzlhnee.
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THE COMPUTER PROGRAM

A diacauion ad the o~inatho 3 degque o6 jteedom, ball

/t04o ana.?g4L6 appeoa6 in -the 6inat uepo~t o6 Contact VAAA21-

73-C>06 50. ThLis ptog'am has~ 4ince been extended to inelud

twul4n6L ttf 06 the ball in addtiton to 'wotton. Bothi Pto-

94mn6 have been Litittzed extenaivetyi n anatgzing -the tow

veociZty 40MM batt AatoA daze du.Zng .thk6 coflt'LW2t.

Pe~hap6 a Aevi.ew o6 .the .6gn4Licant kezuttW ad the batt

too anay&iz iz in okdeA. Aditet "eveAatL qeea/6 adextendive

ana.jiZ coupted with tive .tezt d-urZng6, a cte.ut ande't6tanding

o6 ball u'wtoA cwatm'sticz no exiat6. Ve~y b'ziedtg, the

dixanze kequZed do-' the baLL A'oto.% tc aAm is a 6uncd.ion c6

the 6,ito 6okcez6 beboeen tie batZ &oto'r and -W. hou~ing.

16 .tke.e we~e. no d'zictcn 6o'ucez~, the ball %otoLr woutd neveAt

a2lgn. Ij the baUl contac4 the houUing a~t a poin~t .th'ough

whichi a tLan6 ve'6e moment o6 -Lne&&t~ pam6ez, .the batt totot

~wit atign wihin a 6en' deet od the muzzte ad the gun. Con-

vet6, i6 -the contact poiLnt ia -'wtated 90 deg,%zeeh6 abou~t -the

pvojectU.ie aiC6, once agaLn -the ball Aoto4' w.LU neve-A atign.

Att 0theA caa es tie 6 omewhene b e.tweer, -tle,6e ex~t'eme poinzt6.

Typically, a batll -'wtoAL wiUt move caound the houw6ing contact-

ing it at many pcint6 whicht give t-Lze -to 6tic-tion ftqua.
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whic i a eompltx 6a6hiof petait quduat aignment oj the

detonato" axZA wit the Ap n axiA. The WeLton 6oueA be.-

m the bolU and the housng and i.n pat ta& , the toeu

o6 the contae t points between the balt and the housing dut-

,ng the a.mZng eyte ,contot ,the wt.ing ditsutce. in add-

ition, the u'*ttonahip between the potoJL and tunavetse

momenta oj inAtia 06 the boil .%oto&.i~a omZticat. Ij these

momenta oj ie'tia a'ke cto . toge-the'i, 6A'ct,on 6oste be-

tween the boil and housing can ea6 1, cteate AotZtng contact

between the boil and the housing. On the othex hmtd, 6 the

potat and t'tnauvee momenta ate 6at apat, te bai wL& stide

on the housing and it6 motion witt be mote cependent on the

angu&L mome&t~w o6 the bail A'tot. Fo~ given j~Zction to,%-

que, the'e~oAe, -the baizt Aotoz. with a ta~geA dijdeAence be-

tween theAe momenta o6 tnuet wU have its behavio.o L teA46

domnat ed by j6iction 6o,%cu and th it 4eauU in a more

conaZ~tan~t aiing d.LAtance.

The tocuia o6 the contact points haA an obvious e6dect

on the atignment o6 the boil %otoAL. In the extvteme caaea

mentioned above, the ahmng distance went 6Aom pkaw'iZcatty

zezo to in6inity by a zmpte movement o6 90 degree o6 te

con-tacit piLvot point. This is pe.'iupa the most 6zgn4Z cant

4e.&uR which hasa escaped Aze4ea'cheo to date. This~ locotiJon
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o6 the contac!t poiii "s pvz6a'ri detvmined by the ecvtpti. t

in the 6gkht oj the p.wjeett. UnaCe the eecent~ie!4 genewAy~

9W &Ve WAgJ it4AqPie&' ptojeect2u, A"Z ia why the batt )wto4t

haa nzot dwwctioned well in p-'zojectie-6 k~d tLqg than 20MM.

The 20MM iteuU6s, koweveA, have been mudL betW. To 16 e a

baUl koto,% in ta'zgex pwoje~t", theJe6oae, the e.jeel oj

Ahe.L eceentZcity must be 6igni~icantty tecaeed. The fJl6t

step 06 cowae would be to xue~e. to a minimum the J&Uton

coeiiiZenvit belween the bolt and hou&Zng &Zne aft 06 the

6f-t. "fr toAqueA on the bolt contain the roe.66cien~t o6 jkie-

tion as a 6aetok'. The second step would be to uhe 6tuid bwg-I ~ ~~~ant 6owe.46 -to keduce the e.~ectve mass oj the boll U~tO)L 6UiC.e

this 0260 is a 6actot in W~ ol the Wer.ction toizqueA. A tkid

appwtaeh .is to WtZLze some method o6 eLtininating wUh4.n the

juze 4ome ox atL 06 the shett eccentzicity. Thus a mechanism

is uieed whiZch witt move the bolt Jtoo& and UA~ housing

el&ve to the Jze towwWd the ptjec~e. spin axis. This,

it is believed, can be eectivety done thtough the use 06 a

dense gu&Ld, a pta~tic vung, and a ba~t )Loto'L. VWLing spin

06 the pAojee.ctie, buoyant 6oLce6 in the denhe 6tud PWL

move the ptatic AiLng whiZch acts as the housing 6o'k a boil

uLto,%, towwi4 the zpin axis~ oS the ptojectife. It was the

investiga~tion o6 tWJ concept wvhich was a kaey eteme.Z to be

wndehlaken in thiz contctuat e.6o~t and whichit epo~~ted

on in thi- 6Ziuzt )epo'Lt.
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* ~~~TEST RESULTS-ARMIN4G VISTANCE aeu1 eteut W

The tuat AzeaUt xd.&ting to 4amng dti~tnce adi-6

be Lowtd i Appendix 1. The guiAt te~t 6i't.ng con6iLAted o6

.too wwn&, one 6it'ed at 200' and one at 300'. Both we~e

dL, wivkch ted to the zapicion that the iipwaAd motion duft-

ig aetbaulk -6 the ptatic centet'~ing Aitng wa6 beiLng 'AuiLsted

by the dtuid. Two inett duze. we~e 6.L'ed aA .te.t #2, one

wu. toat, the Aecond tec..'e'ed and 6owid to have Sunctioned.

Eight and ten 6iizeA caontaiZning the modiiied centeAing 'uig

we~e 6L'Led aA teAt6 -03 and #4 to give an iLndicaotion o6 the

a.'wng cLLtane. A 4to tit anaty,6L oj theze teAt 6Z'l-ng,6

ind-Cctate4 a m&Zrnum aAMY6n' diztance o6 a tittie. bel-ow 45 6eet.

Thi4 uia6 coni~tent with the computeA ana46zi6 to date.

Twetve tou~nda wvi~e (,Led 6o% .te~t #5. Two we.~e (,J~ed

at 001, both o6 Aich~ went high oa'vdeA, the kLemaiZn~ng ten wVee

6'Led at 45' with onlyj ore uctionZng. Since thi~s a9Aeed

dth the ptevLou teAt te~utt6, an e66oxt wa6 u.ndext~sken to

£nc,he.ue the miniZmum av'ning diztance above 45'. The 6L'Tut

zp&pA7aeh invotved an attemnpt to cha~nge the xatio o6 the tt'Lan-Ivehze to the potak moment o6 inevta. The anaysi indiZcated
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that ii a ph'sti 4teeve coutd be ptaced mounwd the detona.tou

604 the LuU Uqnth o6 the batt uLtoJL, a 4inZ~cant imp'wuve-

ment Zn the m~oment 06 inextia iuzto, wouLd be adL,,eved. In

p'uctize, oweP A, due to the piteence 06 the Lock ting gtoove.6,

-,i mu~ch arattet pt#AtZc, 6teeve wa6 att that cou&d be uzd. The

Aeuuth o6 teut 06 06 ten JAowida c~ontained thiL6 modUjitaton

and hhowed no &gnijican~t Znlp'ovemen~t J'wm the p'keviou,6 te6.t

4ke6%Wt. A,&eeond attempt to inc.'evAe the mean awing dis-

tance tei~utted 6'tom an extenuive compute'L waiA&L to detevine

the ejlect o6 baU. &Lze on the o)~mi cti~tance. The ke~uttA

06 thZa anoio-6 au'~ swnma4Zzed in Figae 1. Fxwm thee %e~LaM,

one woutd expec~t an appkoxirnate 20% incueae in the amung

dZiatance Zi the batt %oto& diaeteL weAe inceAwed 6'wom 318"

to 7/J6". Ten unWt we~e conat'uucted and 6ZJked a tekt #7,

wiZch Jindicated that the 20% avwcmng di~tance incAeuAe had in

Sac~t been achiev~.ed.

In an attempt to de-te.'uine the mnimumnw aing ditance,

twenty juzeA weAe iniiWattg a,6.embted jo~t te,6t 08. ThAee we~e

6ixed at 90', all o6 which we.'ze dwlA. The te~t uwoa di~eontinued

and sixteen uWit we/Li centki4ged teated at Mteed Co~po~'ation,

cLi2 01 which ah'med. since these tezst Ae~utt w e/Li ncon6i~tl

with all pLevioU6 'ke.zuW, all o6 the pwa.tA wete tewo,%ked to

~unptove A6~aee dJnhea and otheA minov. chaxacteuaztcz. They

we/Li )LL,6embted and to )4ound6 weAe 6ited at 90' a,6 te.6t #9,

8
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both o6 which we~e again dua. Thpie weAe xetLeved, x-4,aged
and di4a6shembWe at Picatinny Muenat wheLe it weA dete'mine4

that eveky.gthing had 6untioned ptope~At, howeveA, in one cu~e

the bat oto wa4s 10dequa out 06 02 gnmenat and in the otheA%

ca~e 70 deqtee6. In 6pite o6 thehe %aeuWt, theAe va6 .iome

conLA that pekhap6 the tage-t mateAiat wah not thick enough

to initiate tne %oaund, the'ejo,%e, two aditionat )Lound6 we)Le

6it~ie~d th.'wugh a doubte thcne6 ta~ge~t at 70', both o6 which

weie dud6. The A'wund6 weAe uAeZLed and di6oAzembted wheei.n

it woAs tea~ned that the batt ILotoA we~e 30 and 40 deg~ee ou~t

oj allgnmen-t, keipectivety.

The next zuspicion t&uy in the dedign 06 the Lock A.Zng

guLove4. Six %'ouxd6 we~e con.&t'ur-ted 60A te~t 011, th,%ee having

the .Atondakd tock xing gu'ovez and th-tee having b6tantiaity

zmattu.' guoveu. It wa~ 6ett that pe~'hapL6 the g)Loovez we./e up-

he~tng the momen~t o4 inextia, Latio and ejjec-ting the dynoamicA

o6 the bait. The boil .%oto,% computeA pLogutm at that time could

onty take into account one oj the tock Aing gt00ve6. The 4ix

,%ound6 we),,- Vted at 90' a6 te,6t #11 with1 identicat )Lez.W

Two went and one woa a dud in each. The gltoove. 6o.P both gxLou~pm

had been ca~e~wL~j made to Oa46W~e -hat they wea'e zymtkcZ

An examinati~on o6 ea'&CZV boi %otou6 indiLcated that the (JppeA

gur~ove had been at ene end o6 the toteu'zance r ange, whvi~ea,6 the

towvL g,'roue had been at the otheA, thus giving an imbaizance to

10



to the gitoove hgpothu&J2. The -two tka wel dud& wve~ 30 and

40 degqeeA out o6 atignmenit, &Apeetivety.

Th.'ee tLound6 wex'e aauembted jox teAt i12 .to 6ee i6 pe/zhap,6

the LaJLgek baUt had me.'et&J moved the maximum azming di~ance

oat to a pJeate) dia.tanece. Two weAe 6gted at 125 6eet, one

&au a dad and the .6eeond wen-t high oinde&.

The examination o6 the dud Li teut 012 Auggested that

pvthttpa the tock 'ig woutd not Aetea.6e the batt i6 the piwo-

jectile wete, hi~&ht eccentzic. The ing waza th w- modidied

on thxee uumda and on th.'Lee o6 the wwind6 a gtat waz mitted

on the top od the batt to p.&wce the centeA o6 g~'uwity o6 the

batt betow the geornettic cekvtVL. AU~ szx we~e 6i~ed at 90'

wi~th one dud which wa the .wund that did not have the 4tat

on the batU. AdteA theA e encoa': fi4f9 kae.u.tu, eleven utA

we~e aembted 604 test 014. The teat was dizcontinuad adtet

the 6.WUt dud at 90'. FOWL dud.s in totaL occwvr~ed whiZch we~e

diza44embted. FoL Mhe jiust tiLme it wa6 dowind that th'ee oA

the dowr. batt A'wto.' we~e in 6ac~t LLning up bachkwa~d6.

Atthough the cau,6 - 6o0% the backw.a~d atinment was not

diIcoveAed wnit neat the end o6 the p'tog~an, it migh~t have



been evident at thia 6,mint. The dL'L6t time backiuuid atign-

weit, had bee Wtn~auad awa 4e -the -spin weiqkt hazd been

',udidied to peut~t an emUet aeteae oS the bait )wto4%, th,

altthwLh tkZ6 owu not vetidied wnit tateA, by /Lteaing

the bail kotok eaJkey and then moving the cAnteAing mau6 to

the 4p.Zn axZ6, the bail undeA' the indtueniee o6 Ae~t back jo~ceA,

wouad tend to %ott atong the bottom ad the hou.&ing. Att that

i6 A~quiM4 ia appWximratedy .027 incheh ad motion in the 'Light

CW~keCtion to kott the bail djciZertty to pt&ice the deltotokL

axzat 90 degkeeA with kepect to the ptojectite axi.Z&

eThe %e.6utt6 o6 te.~t 014 made it impctatLve to i.etww~ to

Aecomputek ana.g&L6 and a modidied p'wgwxn to caontin the.

e66ec~t ad the Aecond tock xinfl 9'Love. ThiL6 anatysiz india-

oated the ~6Apumi.Zng uutt that the Aantio ad the momeovt6 ad
iLne.tita o6 the boil .wtok wa.6 not good. Th'tough an oveuight,

the boil Aoto& detona.to4% d LmeteA.L had flci been Jm~ged when

the boat 'wto w"~ inc'eAeoed. The anatg46 o6 the eddect o6

bail Aotok diame on a"uing disttance w"~ ba.aed on the

0,.6umpt,,-on that the detoatot woutd inuense, p40po~t..ofaL4

to the boil totok diametvL. Att 6utwte ball 'tto, thAeL-

Jo~Le, wvk.Z can tucAed ptacing an atuminiwn sjeeve wAund the

dexonato't6, thuA ejdecrtavetq inctec6ng the 6&-ze o6 the

12



detonato4t. The computevL anatpis indcated an a~mbig ciA-

tance "e. Jo tawonab. va.&ieA o6 eceenat~i.cLt o6 6hcom

r60 to 85 et

Ten uniU weke cona-t'ucted u6Zng the modi4Zed bat ,to

604k test #25, howeveA, thk, .6eeond one JiAed ita a dud at 90'

and the tuat aw0 diacontinaed. VDa66enibt 06 -t& uni~t agaiLn

indicated .tha~t the batt xitoL had tined up backw'ak&~.

Eight ju.v1 w~e a rnebA'-4, jo04 te6bt 016, with the LnWiaL,I ~ ~angte ptaced at 70 degq'uee as oppo6ed to 80 deqAu. Atthough
thZ6 waA not 4teaLized at the time, thZ woutd AequiAe a motiLonIo * .?6 5"1 to, move the detonato4 axi6 to the 90 deg)Lee poinrt.

Sine the maxLium MottoL oj the eeting, .'zng wao6 .08011, it

iA wLtikety that thZ4 eoutd 0ecWLA. The teat AeAutt6 o6 teat

026 indiZcated aLL eiZght witA6 unectioned, howevet, one o6 the

wmitA went at 45' which had been conideAed too ctoe to the

At tis~ time, the Awtng boLL theoxy waA hypothea.zed

and the body w-a mod4Zied to hotd the cente~ing ki~ng on entuL~

pwc., to 6iixg. Thus, the maximum motion oj the centexi..ng

xing woud k~ JedUued 6om .08" to .04". Five tu.1Z went hiZgh



o'~4eA at 90 6eet: a6 tut 011. Trietue additionat a"U weAe

abeubted iot te~t 0IS, niLne ol' which We~te no go at 45 diet
and thtee o6 which went high o'zdek at 90 jeet. Att oj the

no go tound6 wve uucetned ard dl~am1bted and att wee

jowtd to be between 3 and 30 degxeeA 640" aLignment. Nlone

weM aligning bacwd6.

Twenty-one wiit6 we~e then aAembted 6ok' te~t 019 to

detv.'mine an a.'uing di btk'ibut ion. The.6e 4te~tU indicated

an wzm.ng cdatance itnge o6 'kom 50 to 90 6eet.

Atthough teht #20 and 021 we'Le pltimaA.Lty giwaze teht6,

one out o6 4ix in each teat Oa6 a dud and wha-n dLi'uzemt e4

wa6 6ound with the boil .%oto,% tined up baekwcjuu. Once gain,

the 6uze waA ex-ten6ivety anatyzed u~ing the compLutVL puLgualf

which indicated that the conditiom we.'ie not 6av.orabte 604

the boil to tine up baekwa'.da due to J&4Lction 6o,%ce 04L boll,

dynamic.6. The onty togicat an~weA, theAedout, mu~ the itwtting

boil hsjpothesi-6 d.Z~cuA.6ed eaAtivzA. ln te6t 023, a itat wa,6

p&aced on the bottom o6 the boil. in an attempt to ptevent it

juom 4ttting on the hou,~Zng. Nevethete.6, one out 06 eteven

.'wund6 did not 6unction and when diz6.6embted wa,6 6ound with

the uot bacIkuoAd6.

Once again, the deten~t 6 pin weight6 we~e 6theA mocUlied
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to pst event any inte.jetene wt*~ the bo.U wotom Ten ineU~

juzem wea asembted and £bte £04t Acove/u. Six wnita weve

6owid to have tinted up oeotgy and £ouA weu~ baekmk&4 in

test 024. In test 025, a xig was .n6ehted aAoand the cetn

teAvn Jxig to ptevent the *zente)Ling JLZng Wm moving. Ten

umut weMe jdZd, ketve'ied and tisasembfr4, a.)I oj which

tined up pwopek4 thai condasivety mo.'ving the 'wttng batt

hypotheAi6.

F.Zna~ty, te, wtits we~'e k~ea6embted £oA% tie 6ing

&wzth the &ame eenteAing X~ing cong~wiation a6 .test 026. 'IWO

o£ .the unit8 a.'uned at 45 deet inicating that the centeking

;Un i neceA6ha~ iLn oJ~deA to extemd the a~wunQ cLitance.
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TEST RESULTS - GRAZE

Gotaze teA-.. WMLLtt& comiated og 4eveWa jZainga ith

mod iejicae to the ogive, iiaing pin, batt JwtoJL, expto&Lve

twin and hous*ig to incAetue the 4enativitg 06 .tiK' 'wund

to gLZe MX4Ci6.

Atong with teAt #3, one koad waA 6iZted Jut g'zaze WAii

a Atanda.4ogve to 4ee i i oud mL~h. It uku 6ied ine~t

at 200 £ef.t, t'ecove.'Led ad waA 6ound not tc; have c~whed, theue-

6oje a mote Aen~itive ogive aw deuigned. Thvtee koa& weul

6i'ted containi.ng the new cogive a6 pah't o6 teAt 07. AU thtee

again swuMd not have junctioned, It wa6 di66icLLt to anatyze

the kie~uMt o6 -Lne't g~aze )tould& due to zub~equent impaWt.

Since Picatinny k.uenat pem.onnet a~t 6ZAt dectined to 6L'Le

tive g'waze -ound6, an ai4 gun was designed and coatoacted

at the Bi~eed Co~pouZion to 6imruate g'taze 6 xnq. Initat

tu~tA 6Aom the aZ4 gun, howeveA, 4ehu.ted in -the aL& gun pi~hton

being de~twoyed ith each fL'ing a.ince the piaton mat be

Atopped a~t the aZ'& gun muzzte, othle'u~ia it would hit the santed

guaze takg~et be~oxe the ogive. At ILL6 time, .Picatinl iLndicated

tha~t pe.',MOp tive 6.Wkng6 could be undetako~n ptoviding a haid

taliget waA Iaced be"in the g'~aze taxgeL. Fwtthm' woxui on the

mWL gun WOA themeouL 6u~pended.
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Seve~w.L static te6tA weke conduected wiLth and withou~t

ituid at the Skeed Coupouo~on to Aimutate the gap that would

be pJkeAent in a guze i'wwnd. it had been deeided thazt t- in.

eke#Ae the .n&tivt iAwpacting -the 64t.ig pin on g~azei m-

pact6, the boil .'wtot T6hout&i be petm~tte4 to move 6o'wamd.-

Th"~i, oJ coua'e, would inc~'ea~e the gap which the detonato4%

mtjump to kteach teboo.6teA. W o6 the u4,wdted atatic

te~t g'inga at the likeed Coapomtion we~e .zucca,66ut. One

4ounld waa a~zembte4 wU.Lh a maximum gap and PL'ed iLnto a taizge~t

at 90 deet. This uni~t 6ww.cti~oned tow o'tde.'. Thia wab6 p'tobabty

due to the di~ptacemen~t oJ the detonato't 6'om the p'.oject;-Pn

ax24 due to the action oJ the cente.i~ng 'ting. The dact that the

twund went tow o'tdeA wa6 not con,6ideAed pultticid&A4 ha,'ut

Aince the detonatout wsed we~e con&Ldekabtq 6ma.Ue/t than the

one&6 which would be a6ed iLn the p~'oduction deaZgn.

Six unit6 we'te ahaembted to cAeate the maximum gap between

the batt j'wto't and the th~. 6ection oJ the body above the ex-

ptoduve tead. Sench te.6 with thi.6 con~iguxation had been

~AUCC~u. Tke 4 x ktound6 weAe 6Zted iLnto a p4*.'ood to)Lget

at 120 deet to chieck puopagation "& ta~t #20. Two %ound6 wp.nt

Low ok'dek and one di~d not go, which a6 tepo.'ted eahtieA wa6 due

to be.,%ha~td boil atignmcnt. In ta.t #21, pkovihion wa,6 made to

pemUr the boil to move joh'wa'rd on gt'zaze, impiZnging the detonato4%
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oft the jiWng Fix. T&M~e .AOwUd& went hi4k OktdaL jiW Le

Jot guze. 1To did not go on g'uze, but j6wwtloned on the

cAge behind the g~aze au.A,, and on~e 46 oJ~uvout4 mentioned,

u.~dLp baach*VU(Ld.

In .test 022, modi4Lcationa to the jaze ind&4e4 the ',.e--

,nvat oj onle cLube wittmet'z oj ILuid and the u~ ~a raujLe

uenaitve 6itiJng pin de~ign. The 61Atu Lnit PWLd taAget

and went high otdeA on the case, the Aecond W.U a bwL'et 55'

in iWnt oj te gun and did not Junction. Thkee out 06 the

Aeinn AowL 6uWtoned p.'wpekty~ with the dad being dLe to

bachwacd ball kotok aignment. Thu6, oIL 06 the 6azeA whichi

hit the taLe~t p'wpvey duncatio ned kZ jh o~deA with the ex-

ception od one whe~e the batt teeuLe aAmed.
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CON~CLUSIOS AND RECOMMPATIONS

TkZa contu~c~t exptoued a new conceptai ba*-t towtot tjtu 'Zng

th ve oj a easte.Ung ay/,em to sub~tantiaL4 u4e.Lt the e66eC-t6

oj Ahe2 ec~een~t'y . It haa been dcund thatae ket ntuZc.U

ia the w43.t 6igni icant jacto4% cawing ea.'atic bail %otot behaiLot.

Atthougk the aovs..pt oj the ecentex.Zng 6y~tem 26 Jimpte, teveueA

ating p'wobtem6 we~e encounte~ed wlich wie not expected. The

cauue oj the aveAue aftning ptwbtem eta.ded company and gove'u-

ment enginee& witt next& the end oj the cont'Lact. No tha

itA caue 26 thokwughty wideuttood to be dLe to the wLLting o6

the boLL on the hou,6ing aa the centeAing Aing moveA tova~d the

apin axiA, the 6otuti~on to the, otem in nea4% at hand.

Smu a.L(pp/Loachea exi6t 6a4 et, m Vtin th6 %eveA8e

wming p'wbtem. The 6iut apptoachi w&oLLt be to ptace a AhoutdeA

on the top oj the hou6Zng 60 that duting 6etbazek the cente.i.n

Ain9 wtotd be pu'~vented 6.wm moving towak& the 6pin cext LA wvtit

ajteA hetback hau ceoAsed. Once hetboack hA ceaued, theAe wLLL

no tongeA' be a 6otee be~Ween the boil and the bottom o6 the

houding, thit U 61w0td move onto the .6pin ax26 wiZthout Aotting.

Atho ugh AhL " the mo~t poAornqn appuoath, aeveuat othe.'

de&Lgna ez2t 6o)'L etimznting thZ6 pobt em.
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Athouglk the gAuz teut6 AuW~ut at.e tUited in nm

du~e to te co tuat~on oj tijoAt on t u.evvee aing p'twbtm,

the dinat te~t xeWLU& m~ eiwcouing. It iA coneivabte,

'LL not zea!ted, that ptwpagation p'wbfrms might appeawf-?n

£iA.Lng guaze tests at high and tow tempeAtWue6. TILL i6 an

a.*.ea Aick lwoutd be exptouid. 1 etonatouz uaedl in the. p'wg~Am

,6o &a4e au~a co&de.'ib4 6maLWL than tko.&e which a6hould be uzed

in the pwucxtion duign to oL'e~'ome tow ohdeA detonatoz.

itU 4 t'ong4y JLComelded that additu, nat contumctuat

ediod be uextaken a a minimum to pe~mit a dew mote 6i.ing96

to conbgm the anatpie dicaed heAein and a test 6.Z.'ing o6

tkte~e &mAnLed (3001 Aowtdh 6o.& 6tati4tictty~ 64 ni diant te.6t6.
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Round # Distance oNo GO

1 200 feet No Go

2 300 feet No Go

TEST #1
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MODIFIED CENTERING RING - NO DETENT WEIGHTS

Round # )istance Go/No Go

1 30C feet Go

2 300 feet Lost

TEST #2
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MODIFIED RING

Round # Distance Go/No Go

1 300 feet GO

2 300 feet GO

3 50 feet No Go

4 75 feet GO

5 65 feet No Go

6 75 feet Go

7 65 feet Go

8 55 feet No Go

TEST #3
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MODIFIED RING

Round # Distance Go/No Go

1 60 feet Go

2 55 feet No Go

3 60 feet No Go

4 65 feet Go

5 60 feet Go

6 55 feet No Go

7 60 feet No Go

8 65 feet Go

9 60 feet Go

10 55 feet Go

TEST #4
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Round # Distance Go/No Go

1 90 feet Go

2 90 feet Go

3 45 feet No Go

4 45 feet No Go

5 45 feet No Go

6 45 feet No Go

7 45 feet Go

8 45 feet No Go

9 45 feet No Go

10 45 feet No Go

11 45 feet No Go

12 45 feet No Go

TEST #5
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I
NEW PLA3TIC SLEEVE AROUND DETONATOR

Round I Distance Go/No Go

1 60 feet Go

2 65 feet Go

3 55 feet No Go

4 60 feet Go

5 55 feet Go

6 50 feet No Go

7 55 feet No Go

8 60 feet Go

9 55 feet Nc Go

10 60 feet No Go

TEST #6
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INWARD BALL DIAMETER

Round # Distance Go/No Go

1 65 feet Go

2 60 feet No Go

3 65 feet No Go

4 70 feet Go

5 65 feet Go

6 60 feet No Go

7 65 feet No Go

8 70 feet Go

9 65 feet No Go

10 70 feet Go

TEST #7
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Round IDistance Go/No Go

1 90Ofeet No Go

2 90Ofeet No Go

3 90Ofeet No Go

TEST #8A
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CENTRIFUGE TEST

Round ISpinup Rate R.P.M. Go/No Go

I slow 3600+ Go

2 slow 3600+ G

3 slow 3200 Go

4 slow 3600+ Go

5 slow 24- 3000 Go

6 slow 2600 G

7 slow 2200 Go

8 slow 26-3600+ Go

9 slow 2200 Go

10 slow 2800 Go

11 slow 2800 Go

12 slow 2700 G,..

13 fast 2200 Go

14 fast 2400 Go

15 fast 3000 Go

16 fast 2200 Go

TEST #8B
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PARTS REWORKED

Round V Distance Go/No Go

1 90 feet No Go

2 90 feet No Go

TEST #9
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CENTRIFUGE TEST

Round I Spinup Rate R.P.M. Go/No Go

1 slow 3600+ Go

2 slow 3600+ Go

3 slow 3200 Go

'4 slow 3600+ Go

5 slow 24-3000 Go

6 slow 2600 Go

7 slow 2200 Go

8 slow 26-3600+ Go

9 slow 2200 Go

10 slow 2800 Go

11 slow 2800 Go

12 slow 2700 Go

13 fast 2200 Go

14 fast 2400 Go

15 fast 3000 Go

16 fast 2200 Go

TEST #8B
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THICKER TARGEr

Round # Distance Go/No Go

1 70 feet No Go

2 70 feet No Go

TEST #10
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Round 0 Type Distance Go/No Go

1 190 feet GO

2 1 90 feet No Go

3 1 90 feet G

4 2 90 feet Go

5 2 90 feet Go

6 2 90 feet No Go

Type #1: Standard Lock Ring Grooves

Type #2: Smaller Lock Ring Grooves

TEST #11
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Round 0 Distance GO/No GO

1 125 feet NO GO

2 125 feet Go

TEST #12
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MODIPIED LOCK RING

Round I Type Distance Go/No Go

1 1 90 feet Go

2 1 90 feet No Go

3 1 90 feet Go

4 2 90 feet Go

5 2 90 feet Go

6 2 90 feet Go

Type #1: Modified Lock Ring

Type #2: Modified Lock Ring and flat on top of ball

TEST #13
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MODIFIED LOCK RING AND FLAT ON TOP OF BALL

Round # Distanco Go/No Go

1 90 feet Go

2 90 feet Go

3 45 feet No Go

4 45 feet No Go

5 70 feet No ro

6 90 feet Go

7 90 feet No Go

TEST #14



ALUMINUM DETONATOR SLEEVE ADDED

Round# Distance Go/No Go

1 90 feet Go

2 90 feec No Go

TEST #15
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700 STARTING ANGLE

Round # Distance Go/No Go Comment

i 90 feet Go Low order

2 90 feet Go Low order

3 90 feet Go High order

4 90 feet Go High order

5 90 feet Go High Order

6 45 feet Go High order

7 90 feet Go Low order

8 90 feet Go High order

TEST #16
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CENTERING RING CENT~ERED MOO0RE FIRING

Round # Distance Go/No Go

1 90 feet Go

2 90 feet Go

3 90 feet Go

4 90 feet Go

5 90 feet Go

TEST #17
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Round IDistaUc6 Go/No Go

145 feet No Go

2 45 feet No Go

3 45 feet NoGo

4 45 feet No Go

5 45 feet No Go

6 45 feet No Go

7 45 feet No Go

B 45 feet No Go

9 45 feet No Go

10 go feet Go

11 90 feet Go

12 90 feet Go

TEST #18
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Round I Distance Go/No Go

1 50 feet No Go

2 50 feet No Go

3 58'9" No Go

4 58'9" Go

5 51'10" No Go

6 51'10" No Go

7 55'4" Go

8 55'4" No Go

9 53'1 Go

10 53'7" No Go

11 5219" No Go

12 80 feet No Go

13 80 feet No Go

14 120 feet Go

15 120 feet Go

16 120 feet Go
17 100 feet Go

18 90 feet Go

19 90 feet Go

20 85 feet No Go

21 85 feet Go

TEST #19
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GRAZE GAP CONFIGURATION .075", TARGET SHOTS

Round I Distance Go/No Go

1 120 feet Go

2 120 feet Go

3 120 feet Go - low order

4 120 feet Go

5 120 feet No Go

6 120 feet Go - low order

TEST #20
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LIVE CRAZE TEST GRAZE TARGET

Round # Distance GO/No Go

1 200 feet Go

2 200 feet No Go (go on cage)

3 200 feet Go

4 200 feet GO

5 200 feet No Go

6 200 feet No Go (go on cage)

TEST #21
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GRAZE TESTS, Icc nUID RMEMVED, GRAZE TARGET

Round # Distance Go/No Go

1 200 feet Go, on cage (missed graze target)

2 200 feet No Go, hit barrel at 55'

3 200 feet Go

4 200 feet No Go

5 200 feet Go

6 200 feet Go

TEST #22
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FLAT ON BALL BOTTOM

Round IDistance Go/No Go

.1 200 feet No Go

2 200 feet Go

3 200 feet No Go

4 200 feet GO

5 200 feet Go

6 200 feet Go

7 200 feet Go

8 200 feet Go

9 200 feet Go

10 200 feet Go

11 200 feet Go

TEST #23
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SPIN RIGHTS MODIFIED INERT FUZES

Round # Distance Go/No Go

1 200 feet Go

2 200 feet No Go

3 200 feet Go

4 200 feet GO

5 200 feet No Go

6 200 feet Go

7 200 feet No Go

8 200 feet No Go

9 200 feet Go

10 200 feet Go

TEST #24
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CmNTRIun RIG KEW ON CENTER

Round *Distance Go/No GO

1 200 feet Go

2 200 feet GO

3 200 feet GO

4 200 feet GO

5 200 feet Go

6 200 feet Go

7 200 feet Go

8 200 feet Go

9 200 feet Go

10 200 feet Go

TEST #25
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4

CEnmTE CENMTEIING RING

Round # Distance Go/ No Go

1 90 feet Go

2 45 feet No Go

3 60 feet Go

4 53 feet Go

5 45 feet Go

6 53 feet Go

7 35 feet No Go

8 45 feet Go

9 38 feet No Go

10 45 feet No Go

TEST #26
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